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An earlier report  described experiments demonstrating the  relatively poor 
formation of antibody by recently sensitized adult rabbit lymphoid cells trans- 
ferred  to  homologous  neonatal  recipients  (1).  Adult  lymphoid  cells  were 
capable  of sizable  antibody responses  to  bovine  serum  albumin  or  Shigella 
flexneri type 3 after transfer to x-radiated adult homologous recipients; similar 
adult lymphoid cells made no demonstrable response to bovine serum albumin 
and at best only a small response to Shigella after transfer to neonatal recipi- 
ents.  A  similar small production of antibody by adult rabbit lymphoid cells 
transferred shortly after sensitization to neonatal recipients has been observed 
by Sp~irck and associates (2).  These findings suggested that the neonatal rab- 
bits  did not  offer  the  transferred  adult  cells  an  environment  conducive  to 
antibody formation. If this were  so,  it  is  possible  that  the  neonatal  rabbit 
might have cells  potentially capable of antibody formation which could not 
function optimally in their natural environment. 
The present experiments were undertaken to find out whether the lymphoid 
cells of the neonatal rabbit  would be capable of forming antibody if they were 
removed from the neonatal environment. To do this, splenic cells  from neo- 
natal rabbits were exposed to antigen in vitro  and then transferred to either 
adult x-radiated or intact neonatal rabbits. The results showed that the neo- 
natal cells were capable of producing considerable amounts of antibody in the 
adult  recipients  but  not  in  the  neonatal  recipients.  For  comparison,  adult 
sensitized lymphoid cells were also transferred to neonatal and x-rayed adult 
recipients and far better responses were observed in adult recipients than in 
the neonatals in agreement with our earlier publication (1). 
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Materials and Methods 
Nine neonatal cell transfer experiments were conducted using essentially the same technique 
throughout. All rabbits were albinos obtained from several breeders. The age  of  the  donor 
rabbits, number and kind of recipients, and size and kind of cell transfers are listed for each 
experiment in Table I. Spleens were removed from donor rabbits 4 to 14 days of age. They 
were pooled and teased in the cold, put through a  fine stainless steel wire and suspended in 
PVP  1 macroseas previously described (3). The suspensions consisted of free cells and aggregates 
which contained up to approximately 50 ceils.  To these suspensions was then added,  to a 
final concentration of 0.05/zg./ml., a soluble extract of Shigdlaflexneri  type 3 (ST) 2 prepared 
from a tryptic digest of the organisms as described by Harris a  a/. (4). The cells and ST were 
incubated together at 37°C. for 20 to 30 minutes and the cells were then centrifuged down in 
the cold and washed to remove excess ST. The ceils were resuspended in PVP and an aliquot 
of the cells was killed by heating to 60°C.  for 1 hour and was used as a  control transfer to 
determine the effect of transferring to the adult x-rayed recipients an amount of ST which 
would fix to the cells during incubation. Transfers were made to neonatal or x-rayed adult 
recipients by subcutaneous injection. The adult recipients, weighing approximately 2.5 kg., 
were exposed to 400 r whole body x-radiation 2 days prior to cell transfer (3). This dose of 
radiation almost completely suppresses the response of adult rabbits to the amounts of ST 
used in this experiment. The number of ceils in the transfer is given in Table I as equivaients 
of whole spleen since accurate counts of the cell numbers were impossible. Each neonate re- 
ceived the equivalent of 0.5 to 1 neonatal spleen, and each adult received the equivalent of 
2 to 5 neonatal spleens. Since the weights of the adult recipients averaged 17 times as much 
as the neonatal recipients at time of maximum titres, the ratio of cells to recipient weight was 
approximately 4 times greater in the young recipient than in the adult. In the neonatal re- 
cipients the injection volumes were 1.6 to 3 ml. and were given with a 20 gauge, 2 inch needle 
spreading the inoculum as widely over the back as  possible. In the x-radiated adults, the 
injected volumes were 3 to 5 times larger than in  the  neonatals and  were  made  over the 
ventral abdominal wall. Neonatal recipients were bled for antibody determinations 7 and 9 
days after transfer and the adults were bled just before and 2, 5, 7, and 9 days after transfer. 
The maximum titre observed for each animal is listed in Table I. The determination of ag- 
giutinin titres for Shigdla was made according to the method of Harris et al. (5). 
In Experiment 251,  sensitized cell suspensions were prepared from neonatal thymi and 
innoculated into adult irradiated recipients. 
A series of 10 adult lymph  node  cell transfer  experiments was  also  carried  out,  using 
the techniques previously described  (1). In these experiments, the popliteai and axillary lymph 
nodes of normal adult rabbits were sensitized by foot pad injections of 0.2 ttg. ST 2 hours 
before removal of the nodes.  The lymph node cells were pooled and suspensions were pre- 
pared and counted as  previously described  (1). Transfers were made into the hearts of  15 
normal neonates,  and subcutaneously into 87 normal neonates,  18 x-radiated neonates, and 
62 x-radiated adults. The x-radiation to both groups was 400 r whole body given 2 days before 
transfer (1). The total number of cells transferred and the average weights of the recipients 
are given in Table II. The  trypan  blue counts for viability of  the ceils at time of injection 
indicated more than 90 per cent viability in all experiments. Here the neonatal recipients 
received  approximately  5  times as  many  transferred  cells/unit weight  as  did  the  adults. 
Blood was taken and agglutinin determinations made as described above. 
1 PVP, polyvinyl pyrrolidone. 
2 The ST was kindly supplied by Dr. T. N. Harris of Children's Hospital of Philadelphia, 
Philadelphia. TABLE I 
Antibod  Production by Neonatal Spleen Cdls in Neonatal and Adult Recipients 
No. 
238 
241 
243 
246 
249 
250 
251 
410 
412 
Spleen of 
donors 
7 days 
old 
4-5 days 
old 
6--7 days 
old 
14 days 
old 
5-6 days 
old 
5-7 days 
old 
7-14 days 
old 
4-7 days 
old 
5-6days 
old 
]No. 
4 
2 
2 
Recipients 
Age 
5 days old 
X-rayed adults 
X-rayed adults 
X-rayed adults 
X-rayed adults 
5 days old 
X-rayed adults 
X-rayed adults 
5 days old 
X-rayed adults 
5 days old 
X-rayed adults 
X-rayed adults 
X-rayed adults 
14 days old 
X-rayed adults 
X-rayed adults 
X-rayed adults 
5 days old 
X-rayed adults 
X-rayed adults 
5 days old 
X-rayed adults 
X-rayed adults 
ST sensitized 
spleens/Recipient 
O. 7 spleens--live 
3  spleens--live 
3  spleens--killed:~ 
3  spleens--live 
3  spleens--killed 
O. 5 spleens--live 
2  spleens--live 
2  spleens--killed 
O. 5 spleens--live 
2  spleens--live 
O. 6 spleens--live 
3  spleens--live 
3  spleens--live 
3  spleens--killed 
0.7 spleens--live 
2  spleens--live 
2  spleens--killed 
2  thymi--live 
1  spleen--live 
5  spleens--live 
5  spleens--killed 
1  spleen--live 
5  spleens--live 
5  spleens--killed 
Reciprocal  of maximum 
agglutination titres* 
24, 12, 12, 0 
768§, 24 
48, 48 
>3072, 768, 96, 24 
96, 48 
24, 24, 24, 12 
192, 48, 48, 24 
32, 24 
<8, <8, <8, <8 
1536, 768, 384, 48, 24 
<8, <8 
1536, 1536, 48, 48, 48 
192, 192, 96, 96 
48, 48 
<8,  <8,  <8 
384, 19g, 192, 48, 48, 24 
12, 12, 12 
24, 24, 24, 24 
24, 24, 24, 12, 12, 12 
1536, 1536, 1536, 768, 96, 48, 
48, 48 
24, 24, 24, 24, 12 
12, 6, 6, 6, 6, 6, 6, 6, 6 
384, 384, 384, 48, 48, 48, 24, 
24 
24, 24, 24, 12 
Summary of geometric mean titres (G.~.T.). 
G.M.T. 
32 Neonatal recipients all experiments ........................................  9 
20 x-rayed adults receiving killed cells .........................................  26 
46 x-rayed adults receiving live cells ..........................................  146 
24 x-rayed adults receiving live cells and making significant response ............  457 
22 x-rayed adults receiving live cells but not making significant response ........  42 
* Maximum titre observed on serial bleedings.  Titres based on 1 ml. of serum. 
:~ Cells killed by heating to 60°C. for 60 minutes. 
§ Those responses of adult recipients fourfold or greater than the highest  control value 
in that experiment are considered significant and are italicized 
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RESULTS 
The  maximum  post-transfer  agglutinin  titres  for  the  neonatal  transfer 
experiments are given in the last column of Table I. In seven of the nine ex- 
periments, a total of 32 neonatal recipients were used. The agglutinin titres for 
these recipients ranged from 0 to 24 with a geometric mean of 9. These titres 
are lower than the mean titres of approximately 24 usually found in the nor- 
mal  non-immunized adult  rabbits  in  our colony. Since rabbit  maternal  and 
newborn serum antibody levels are usually comparable, the titres observed in 
our 12 to 14 day old recipients probably reflected the drop in level of circulat- 
ing gamma globulin which occurs during the first few weeks of life. The agglu- 
tinin titres for the 20 adult recipients of heat-killed cells ranged from 12 to 48 
TABLE II 
Antibody Production by Adult Lymph Node Cells* in Neonatal and  X-rayed  Adult Recipients 
Recip-  Route of 
ients  injection 
~7  normal  Subcuta- 
5 day  neous 
t5  normal  Cardiac 
5 day 
t8 x-rayed  Subcuta- 
5 day  neous 
32 x-rayed adults 
We'ight 
No. eels  reclpt* 
transferred  ent at 
bleeding 
gm. 
1  X  10g  170 
2.5-4  X  10~  2800 
av. 3  X  10* 
Reciprocal of maximum agglutination  titre 
0-6  12  24  48  96  192  384 
15  16  34  16  6 
1  1  10  3 
4  7  7  i 
1  2  9  21 
I 
768 
14 
Agglutina- 
tion units/ 
ml. X 
weight of 
recipient in 
kg. +  No. 
1536 3O72  cells trnns- 
[erred X  10g 
22  37.4 
9  6  561  5236 
* Cells taken from popliteal and axillary lymph nodes 2 hours after injection of 0.2 #g. ST into each foot pad. 
with the single exception of a  96 value. The geometric mean for these maxi- 
mum post-transfer titres was 26. The maximum titres obtained from the 2, 5, 
7, and 9 day bteedings after transfer in these adults receiving killed cells were 
unchanged from the pretransfer bleedings in 9 instances, one dilution greater 
in 6 instances and one dilution lower in 5 instances, indicating no significant 
amount of antibody had been formed. The maximum agglutinin titres for the 
46 adult recipients of viable sensitized neonatal cells ranged from >  3072  to 
24  with  ~eometric  mean  of  146.  Of  these  46  recipients,  24  (see  italicized 
values) showed agglutinin levels fourfold or more than the highest control in 
that experiment and were considered to have made significant responses. The 
geometric mean for these 24 recipients was 457.  The remaining 22 recipients 
showed either smaller increases in titre that were not considered significant or 
no increase. For these 22,  the geometric mean was 42,  still somewhat greater :F.  J.  DIXON  AND  W.  O.  WEIGLE  143 
than for the adult recipients of heat-killed cells. In all experiments but two, 
the spleens were taken from donors 4 to 7 days of age. Intact rabbits of this 
age are completely unable to respond to the doses of antigen employed here. 
In experiment 246, 2 week old donors were used and in experiment 251, 1 and 
2 week old donors were used with results essentially the same as those obtained 
with the younger donors. 
On the basis of recipient weight or serum volume approximately 4 times more 
cells were transferred to the neonates than to the adults. The adult recipients 
had 16 times more antibody/ml, serum than did the neonates on the basis of 
mean agglutination titres. These calculations indicated that on the average the 
quantity of circulating antibody  formed/transferred cell was about 54  times 
greater in adult than in neonatal recipients. If only the 24 adult recipients in 
which responses were judged significant are considered, the antibody found/cell 
transferred was approximately 200 greater than in the neonatal recipients. 
In the single attempt made, experiment 251, thymi from 14 day old rabbits 
after sensitization in vitro and transfer to x-radiated adults gave little evidence 
of antibody formation while similarly treated spleens from the same donors 
made easily demonstrable responses. 
The agglutinin responses observed in the neonatal and adult recipients of 
ST sensitized adult cells are summarized in Table II. The titres observed in 
the three groups of neonatal recipients were similar and have been taken to- 
gether in calculating the geometric mean titre which for the neonates was 22 
and in the adults 561. If the greater number of cells transferred to the neonates 
per  unit  weight  is  considered,  the  number  of  agglutinin units  of antibody 
found/cell transferred was about 130 times greater in the adult recipients than 
in the neonatals. 
DISCUSSION 
The present observations demonstrate that splenic cells of immunologically 
inadequate neonatal rabbits  (4 to 7 days old)  (6)  are capable of synthesizing 
antibody after exposure to antigen in vitro  and transfer to x-radiated adult 
recipients. Proof that the antibody found in these recipients was made by the 
neonatal cells and not by the recipient's tissues responding to antigen trans- 
ferred with the cells was offered by the observation that antibody response was 
lacking in x-rayed adult recipients of killed, sensitized neonatal cells--which 
presumably contained as much antigen as the live cells. Hence, the immuno- 
logic inadequacy of the neonatal rabbit does not seem to hinge on the lack of 
cells capable of antibody formation. 
Two other factors may contribute to the neonate's immunologic deficiency. 
First, in the neonate an effective stimulation of cells by antigen may be difficult 
to achieve for reasons yet unknown. This is suggested by Sterzl and Tmka, 
who found that rabbits in the first 2 weeks of life will not respond to doses of 144  ANTIBODY  ~OP~ATION  BY  NEONATAL  CELLS 
antigen  usually effective in adults,  but will respond slightly to much  larger 
doses of bacterial antigen (7). Second,  cells adequately stimulated by antigen 
may not form antibody effectively in the neonatal animal.  The poorer antibody 
responses of transferred, sensitized  neonatal and adult lymphoid cells observed 
in  neonatal  recipients  than  in  adult  recipients  would seem to  support  this 
possibility. 
The reasons for the poor response by sensitized  cells transferred to neonatal 
recipients under the conditions employed here have not yet been determined. 
However, the fact that neither neonatal cells sensitized  in vitro nor adult cells 
sensitized  in vivo form antibody well after transfer to neonatal recipients would 
seem to indicate that the difficulty is in the neonatal recipient and not in the 
transferred  cells  or the method of immunization.  Recently Sterzl  suggested 
that  the neonatal  recipient may reject the transferred cells before they can 
make an  immune  response  (8).  As evidence for this,  he showed that  adult 
lymphoid cells transferred to neonatal recipients could successfully respond to 
delayed injections of antigen for only 3 to 4 days after transfer. Presumably, 
by the 4th day the reaction of the neonatal recipient  to the cells interfered 
with an immune response by the latter. However, similar  adult lymphoid cells 
transferred  to  x-rayed adults  are  capable of responding  to  delayed antigen 
injections for only 1 to 3 days after transfer (9). Therefore,  if ability of trans- 
ferred cells to respond to delayed injections of antigen is a reflection  of their 
persistence,  these observations indicate that the transferred cells persist as long 
or longer in the neonatal recipients than in the x-radiated adults. Also, in the 
present experiments,  prior x-radiation of neonatal recipients failed to enhance 
the antibody response of transferred sensitized  cells suggesting  that  the diffi- 
culty in the neonate was not the result of a host versus graft reaction.  Another 
possible explanation for the neonate's inability to serve optimally as a recipient 
of antibody-forming cells is that offered earlier:  that the internal environment 
of the  neonatal  recipient  fails  to  support  cells  adequately during  antibody 
formation (1). This poor support might result from either the lack of an ele- 
ment or elements essential  for antibody formation or the presence of an in- 
hibitor or inhibitors interfering  with function of the transferred cells, or both. 
The  relatively poor formation  of antibody by specifically  sensitized  cells 
transferred  to  neonatal  rabbits under  the experimental  conditions employed 
here  might  seem to  contradict  several experiments  demonstrating  antibody 
formation by adult lymphoid cells in neonatal recipients.  Apparently immuno- 
logic reactions of adult lymphoid grafts versus neonatal recipients which may 
terminate  fatally have been observed in the chick (10),  mouse (10--11), and 
rabbit (12). In the case of the chick,  serum antibodies to the neonatal host's 
erythrocytes have  been  detected by the  Coombs test  (10).  However,  it  is 
virtually  impossible  to  make  a  comparison  between the  amounts  of  serum 
antibody formed in these graft ~ersus host responses  and the amounts of anti- ]?. J. DIXON  AND  W.  O.  WEIGLE  145 
body formed by the sensitized cells in our experiments. In addition, the experi- 
mental situations are so different as to amounts and persistence of antigen, 
which would be unlimited in the graft ~ersus host reaction and definitely limited 
in the  case  of specifically sensitized cells,  that  any comparison of the  two 
experiments  might  be  misleading.  Since  it  has  not  even  been  determined 
whether the essential element in the graft ~ersus host reaction is the production 
of circulating antibody or a form of cellular reaction, the amounts of circulating 
antibody formed in these reactions could be small. The formation of serum 
antibody by specifically sensitized adult rabbit and chick lymphoid cells trans- 
ferred  to homologous neonates has been used by Sterzl and his associates in 
studies of the nature of antibody formation (6, 13-15). However, in their rabbit 
experiments, the titres of antibody formed by adult cells in neonates may well 
not have represented the maximum antibody  synthesis of  which  the trans- 
ferred cells were capable. 
SUMMARY 
It has been shown that cells from neonatal rabbits are capable of producing 
considerable amounts of antibody after exposure to antigen in vitro and trans- 
fer to x-radiated adult recipients. This suggests that the immunological in- 
adequacy of these neonates is not dependent primarily upon the lack of cells 
capable of antibody formation. 
Both in vitro sensitized neonatal lymphoid cells and in vivo sensitized adult 
lymphoid cells made much more antibody after transfer to x-rayed adult re- 
cipients than to neonatal recipients. Possible reasons for and significance of 
these observations are pointed out in the discussion. 
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